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SUMMARY 

A  small  straining  device  has  been  constructed  which  can  apply  a 
tensile  stress  to  an  electropolished  specimen  at  room  temperature,  or  if 
required,  immersed  in  liquid  nitrogen. 

With  this  device  variations  in  deformation  behaviour  with  temperature 
have  been  investigated.  The  effect  of  grain  size  has  also  been  studied 
and  comparisons  made  with  the  deformation  produced  by  fatigue  stresses. 
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1  Introduction 

Recent  work  on  the  fatigue  of  light  alloys1  has  shown  that  there 
is  often  a  fine  balance  between  the  tendency  for  grain  boundary  and 
transcrystalline  fracture.  It  has  been  particularly  noticed  that  some 
commercial  alloys  having  a  mixed  grain  size  fail  by  an  intercrystalline 
path  in  regions  of  small  grains  and  by  a  transcrystalline  path  across 
large  grains  when  subjected  to  corrosion  fatigue.  To  a  certain  extent 
this  may  be  due  to  the  fact  that  regions  of  small  grain  size  may  be 
associated  with  segregation  of  alloying  elements,  and  the  presence  of  a 
higher  concentration  of  sane  of  these  elements  may  cause  boundary  weakness. 

On  the  other  hand  it  was  considered  that  from  the  known  facts  of  deformation 
in  metala  one  mi^it  ejqpect  different  behaviour  purely  on  a  grain  size  basis. 
It  is  well  known  that  non-homogeneous  deformation  such  as  kinking  is  favoured 
where  free  glide  is  restricted.  Also  that  the  freedom  to  glide  is  dependent 
on  the  mean  free  path  of  dislocations  released  by  Prank-Read  sources^  which 
is  controlled  mainly  by  grain  size.  In  fact  any  impedance  to  glide  within 
the  grains  might  be  ejected  to  transfer  the  deformation  to  the  boundary 
regions,  Y7e  should  at  this  stage  differentiate  between  boundary  glide 
which  is  usually  associated  with  creep  conditions  and  is  closely  concentrated 
along  the  boundaries,  end  the  heavy  curvatures  produced  in  the  boundary 
regions  under  more  normal  rates  of  loading  with  which  we  are  mainly  concerned 
in  this  work. 

To  test  the  hypothesis  that  defoimation  behaviour  depends  on  the 
freedom  of  movement  of  large  numbers  of  dislocations,  i.e.  by  the  activaties 
of  Prank-Read  sources  tests  were  made  varying  grain  size,  testing  at  room 
and  liquid  nitrogen  temperature.  The  materials  used  were  pure  aluminium  and 
some  simple  alloys.  Comparisons  were  also  made  with  specimens  of  the 
sane  materials  which  had  been  fatigued. 

2  Apparatus 

The  apparatus  consisted  of  a  straining  device  which  is  illustrated 
in  Fig.  1  which  could  be  immersed  in  liquid  nitrogen.  The  specimens  were 
stamped  from  0,025"  thick  strip  previously  cold  rolled  from  the  forged 
billot.  These  pedmens  were  of  the  seme  form  as  those  used  for  the 
fatigue  investigation.  They  wore  in  all  cases  strained  to  fracture,  and 
due  to  their  varying  section  different  degrees  of  strain  could  be  observed 
along  their  length, 

3  Materi  ala 


The  materials  used  were  'Super  purity  aluminium',  aluminium 
manganese,  aluminium  10)0  zinc  and  aluminium  i*t>  copper.  All  the  alloys 
were  made  from  high  purity  components  the  aluminium  in  each  case  being 
'  super  pure' . 

Heat  Treatments 


Aluminium  -  Large  grain  size  (Average  1  mm)  cold  rolled  and 
annealed  1  hour  at  620°C, 

Small  grain  size  (average  0,1  mm)  cold  rolled  and 
annealed  15  minutes  at  350°C, 

Aluminium  1)6  Manganese  -  Solution  heat  treated  at  620°C  and 
cold  water  quench, 

Aluniniun  10>o  Zinc  -  Solution  heat  treated  1  hour  at  U20°C  then 
cold  water  quench,  (All  tests  were  made  immediately  after  quenching), 

Aluniniuu  Iw'o  copper  -  Solution  heat  treat  1  hour  at  520°C  then  cold 
water  quench. 
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Specimen  Preparation 

All  specimens  were  stamped,  from  rolled  strip,  heat  treated  then  electro- 
polished  from  the  !  as  rolled'  surface,  no  intermediate  grinding  being  employed. 

k  Microscopical  examination 

Boom  and  low  temperature  (liquid  nitrogen)  tests 

Pure  Aluminium:  Large  grains  (1  mm  average) 

The  roan  temperature  tensile  pull  on  this  material  (as  illustrated  in 
Pigs.  2  and  4)  produced  characteristic  slip  bands;  in  sane  grains  on  three 
sets  of  planes.  The  bands  are  generally  straight  and  practically  continuous 
across  the  grains  from  one  boundary  to  another.  The  bottom  left  hand  grain 
in  Pig.  2  has  impeded  slip  in  the  right  hand  grain  in  the  neighbourhood  of 
the  mutual  grain  boundary.  Pigs.  3  and  5  show  similar  specimens  tested  at 
liquid  nitrogen  temperature.  A  great  deal  of  cross  slip  is  evident  due  to 
the  fact  that  free  glide  is  impeded  at  low  temperatures  i.e.  the  activation 
of  Prank-Bead  sources  is  more  difficult.  Pig.  5  shows  a  grain  in  which  slip 
bands  are  less  continuous  due  presumably  to  the  greater  effectiveness  of 
barriers  in  producing  piling-up  of  dislocations  at  low  terrp eratures.  The 
grain  in  the  bottom  left  hand  corner  has  been  deformed  by  a  characteristic 
rumpled  pattern  often  found  near  grain  boundaries  where  free  glide  has  been 
obstructed. 

Small  grain  size  (0. 1  mm  average) 

Pig.  6  shows  a  small  grain  size  aluminium  specimen  itfiich  has  been 
strained.  It  will  be  seen  that  surface  furrowing  and  runpling  has  occurred 
particularly  near  the  grain  boundaries.  The  slip  bands  themselves  are  not 
straight  presumably  because  of  the  occurrence  of  cross  slip.  Pig.  7 
shows  a  similar  grain  size  specimen  strained  at  liquid  nitrogen  temperature. 

By  comparison  with  Pig.  6  it  will  be  seen  that  the  slip  is  more  irregular, 
and  even  more  marked  boundary  deformation  has  occurred.  The  cellular  network 
pattern  observed  in  Pig.  5  is  also  present.  Pig.  8  shows  another  region  of 
the  room  temperature  tested  specimen  where  large  and  small  grains  occur 
together.  It  can  be  seen  that  the  large  grains  have  formed  fairly  long, 
straight  slip  bands  whereas  the  top  included  small  grain  shows  a  complex 
cross  slip  pattern.  A  simil®P  specimen  tested  at  liquid  nitrogen  temperature 
(Fig.  9)  shows  very  irregular  slip  including  the  cellular  pattern,  and  far 
more  deformation  near  grain  boundaries. 

Aluminium  1%  Manganese  alloy  (grain  size  approximately  0.5  mm) 

The  aluminium  Xfi  manganese  alloy  (Pig.  16)  shows  rather  more  irregular 
slip  within  the  grains  than  pure  aluminium  and  a  certain  amount  of  grain 
boundary  disturbance.  The  liquid  nitrogen  tenperature  (-195°C)  test  shows 
a  markedly  different  appearance  from  both  the  room  tenperature  tested 
aluminium  -  Xyo  manganese  and  also  the  low  tenperature  tested  pure  aluminium 
as  shown  in  Pigs.  3>  5  and  9.  Coarse  slip  has  been  almost  conpletely 
inhibited  in  this  alloy  vdien  tested  at  liquid  nitrogen  temperature 
presumably  by  the  combined  effect  of  the  solute  atoms  and  the  low 
temperature. 

Aluminium  10$  Zinc  (grain  size  approximately  0.5  mm) 

Due  to  the  rapid  rate  of  age  hardening  of  this  alloy  tests  were 
conducted  as  soon  as  possible  after  quenching  from  the  solution  heat  treated 
condition.  Even  so  it  is  certain  that  some  ageing  must  have  occurred  before 
the  test.  Pig,  12  shows  a  typical  structure  after  deformation.  It  will  be 
seen  that  glide  is  less  interrupted  than  in  aluminium  1lyo  manganese  but  very 
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sharply  defined  groin  boundary  deformation  has  occurred.  This  deformation 
often  produces  small  deformation  bands  at  grain  corners  as  shown  by 
arrow  A.  The  low  temperature  deformation  is  shown  in  Pig.  13.  This 
sharply  defined  boundary  glide  which  occurred  at  room  tenperature  is  shown 
at  a  higher  magnification  in  Pig.  13  where  a  grain  boundary,  presumably 
obliquely  oriented  to  the  surface  of*  the  crystal  has  slipped,  A  similar 
boundary  region  is  shown  in  Pig.  15,  this  material  was  deformed  at  liquid 
nitrogen  temperature.  It  can  be  seen  that  the  boundary  deformation  is 
now  more  widespread  end  involves  clearly  defined  fine  slip  in  each  grain. 

Aluminiun  4a  copper  alloy 

Pigs.  16  and  17  show  an  aluminiun  4*>  copper  microstructure  strained 
at  room  tenperature  and  liquid  nitrogen  temperature  respectively.  Apart 
from  the  fact  that  slip  bands  are  strai^iter  and  more  continuous  at  room 
tenperature  than  at  low  temperature,  there  is  not  the  striking  difference 
in  behaviour  noticed  in  the  aluminium  10/o  zinc  alloy. 

Room  and  liquid  nitrogen  temperature  teats 

Cold  rolled  materials; 

(1)  Pure  Aluminiun:  The  general  disorientation  caused  by  cold  rolling 
pure  aluminium  is  evident  by  the  irregular  nature  of  the  subsequent 
tensile  deformation  (See  Pig.  18).  Even  so  a  number  of  fairly  long  slip 
bands  have  formed.  This  can  be  canpared  with  the  3ane  material  tested 
at  liquid  nitrogen  tenperature,  which  is  illustrated  in  Pig.  19,  where 
very  few  marked  slip  bands  are  formed. 

(2)  Aluminium  't/a  Manganese  alloy 

This  material  behaved  similarly  to  pure  aluminiun  slip  being  very 
irregular  at  both  room  tenperature  (Pig.  20)  and  low  temperature  (Fig.  21 ). 

(3)  Aluninium  1C fo  zinc  alloy 

In  the  cold  rolled  condition  this  alloy  shows  very  little  difference 
in  behaviour  when  strained  at  room  or  liquid  nitrogen  tenperature.  Pigs.  22 
and  23  show  the  two  conditions. 

(4)  Alum!  mum  4,-j  copper  alloy 

When  strained  at  room  tenperature  this  alloy  showed  a  lumber  of 
irregular  cross  slip  bands  apart  from  the  background  deformation.  When 
strained  at  liquid  nitrogen  tenperature  this  was  not  evident,,  the  only 
deformation  observed  was  of  an  irregular  granular  nature.  Pig.  24  and 
25  show  these  conditions, 

5  Comparisons  with  Fatigue  deformation  -produced  in  the  same  materials 

Pig,  26  shows  large  grained  pure  aluminiun  fatigued  at  room  temperature 
and  Pig.  27  shows  small  grain  size  aluminiun  fatigued  at  room  tenperature. 
This  is  comparable  with  Pig.  6.  It  will  be  seen  that  the  fatigue  stresses 
have  not  produced  slip  striations  as  shown  in  Pig,  26  but  rather  a  number 
of  regions  of  fine  cellular  network  deformation  which  seems  to  be  the  fatigue 
equivalent  of  cross  slip  under  static  stresses.  Pig,  27  also  shows  very 
localised  deformation  on  each  side  of  the  boundary  in  the  form  of  two 
furrowra.  This  effect  had  been  notioed  in  larger  grain  sized  aluminium 
fatigued  at  higher  frequencies.  Pig.  29  shows  included  grains  and  is 
the  fatigue  equivalent  of  Pig,  8,  Pig,  30  shows  localised  boundary 
deformation  produced  in  aluminiun  -  Vfi  manganese  alloy  by  fatiguing  at 
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liquid  nitrogen  temper ature .  This  is  conparable  with  Pig.  11  which,  was 
statically  strained  at  the  same  temperature.  No  direct  comparisons  can 
be  made  with  the  fatigue  or  static  strain  behaviour  of  the  other  alloys  as 
ageing  effects  become  an  important  factor  in  their  fatigue  behaviour. 

Discussion 


"When  a  shear  stress  is  applied  to  a  crystal  it  may  cause  movement  of 
mobile  dislocations  in  the  lattice,  and,  if  the  stress  i3  large  enough  it  may 
also  activate  'Prank' -Read  type  dislocation  sources.  These  sources  suddenly 
generate  large  numbers  of  dislocations  which  move  along  a  few  atomic  planes. 
These  large  numbers  of  dislocations  produce  slip  bands  on  the  crystal  surf  ace 
which  can  be  easily  seen  with  the  light  microscope,  but  the  smaller  movements 
of  the  pre-existing  mobile  dislocations  may  not  be  clearly  resolved  except 
with  the  electron  microscope.  However,  their  presence  is  often  revealed 
to  the  li$it  microscope  by  the  surface  undulations  which  large  numbers  of 
these  fine  slip  bands  may  caused 


The  presence  of  groin  boundaries  and  the  interaction  between  neighbouring 
grains  greatly  modifies  the  appearance  of  the  surface  deformation.  These 
obstructions  to  free  glide  produce  kink  bands  in  the  grains^*5  and  often 
particularly  heavy  curvature  of  the  crystal  near  the  grain  boundaries.  The 
grain  size  of  the  material  is  therefore  an  important  factor  in  the  type  of 
deformation  present.  In  the  extreme  case  of  a  single  crystal,  unrestricted 
glide  may  result  in  almost  perfect  straight  slip  bands.  Similar  effects 
can  be  obtained  in  large  grained  aggregates,  the  slip  bands  extending  to  or 
very  near  the  grain  boundaries.  Any  obstruction  to  the  movanent  of  , 

dislocations  will  cause  a  pile-up  which  may  result  in  the  slip  band  stepping  . 
This  may  occur  within  the  grain  if  an  effective  barrier  is  present. 

Obstructions  to  the  free  movement  of  dislocations  may  also  result  in  cross 
slip  as  described  by  Cann'  as  well  as  kinking  and  associated  flexural  glide. 
Boas°  has  shown  that  the  deformation  of  aggregates  may  also  result  in  glide 
on  other  than  the  normal  planes.  These  extra  degrees  of  freedom  allow 
easier  accomodation  of  the  strain  in  boundary  regions.  Thus  deformation 
of  even  recrystallised  grain  aggregates  can  be  considered  as  extremely 
conplex  and  inhomogeneous. 


The  heavy  deformation  of  pure  alvsninium,  as  for  example  by  cold 
rolling,  results  in  considerable  fragmentation  of  the  original  grains  which 
may  then  be  considered  os  a  large  number  of  small  disoriented  crystallites 
of  relatively  perfect  lattice  surrounded  by  walls  of  less  perfect  lattice^ 
where  most  of  the  dislocations  will  be  concentrated.  Thus  under  heavy 
deformation  the  surface  of  the  grains  may  reveal  the  presence  of  this 
structure.  Naturally  the  production  of  such  a  structure  will  modify 
subsequent  deformation.  These  modifications  will  be  due  to  (i)  the 
disorientation  and  (ii)  the  thick  walls  of  concentrated  dislocations  both 
of  which  introduce  effective  barriers  to  slip  of  the  Frank -Read  type^®. 

At  advanoed  stages  of  deformation  the  original  grain  boundaries  may 
lose  their  identity  due  to  the  disorientation  of  the  grains,  but  in  the 
early  stages  the  balance  between  grain  and  boundary  region  deformation  will 
to  a  certain  extent  depend  on  the  freedom  of  movement  of  dislocations 
within  the  grain.  If  easy  glide  can  occur  in  the  grains  then  the  grain 
boundary  regions  remain  relatively  undefoimed.  Small  aggregates  by  virtue 
of  the  fact  that  they  reduce  the  mean  free  glide  path,  and  thus  inhibit 
easy  glide,  will  suffer  from  heavier  boundary  deformation.  This  heavier 
deformation  in  the  boundary  regions  represents  higher  stresses  transferred 
to  the  boundaries  themselves. 


At  liquid  nitrogen  temperature  these  effects  are  very  much  more 
marked  ar  the  Frank-Read  sources  are  less  readily  activated.  Sclute 
atoms  behave  in  a  similar  manner  by  also  inhibiting  glide  in  the  grains. 
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Under  these  conditions  it  has  been  shown  that  deformation  in  the  boundary 
regions  becomes  more  marked.  It  is  of  interest  to  note  that  although 
more  boundary  region  deformation  occurred  in  the  aluminim  10/c-  zinc  alloy 
at  low  temperature,  the  flow  of  what  is  believed  to  be  the  depleted  solid 
solution  at  the  grain  boundary  itself,  was  not  as  marked. 

Conclusions 


1  Large  grain  size  materials,  particularly  pure  aluminium,  show 
straighter  and  more  continuous  slip  bands  than  smaller  groin  size 
materials. 

2  Small  grain  size  aluminium  deforms  more  heavily  in  the  grain 
boundary  regions  than  a  large  grain  size  structure. 

3  Lowering  the  deformation  temperature  accentuates  these  differences. 

4  The  above  observations  are  true  both  under  static  and  fatigue 
stresses. 

5  Cross  slip  is  more  prevalent  in  specimens  strained  at  low 
temperatures  and  may  be  further  encouraged  by  the  presence  of  solute 
atoms. 

6  In  the  specific  case  of  a  material  such  as  aluminium  -  '\0/>  zinc 
which  may  contain  grain  boundaries  depleted  of  solute  atans,  groin 
boundary  flow  is  more  marked  at  room  tenperature  than  at  liquid 
nitrogen  tenperature.  This  is  in  agreement  with  earlier  work  on  this 
alloy  which  failed  by  intercrystalline  fatigue  fracture  at  room 
tenperature  and  by  a  transcrystalline  fracture  at  liquid  nitrogen 
tenperature, 

7  Static  deformation  of  cold  rolled  materials  occurs  mainly  in  the 
form  of  very  short,  irregular  slip  bands  giving  the  specimen  surface 

a  roughened  appearance.  Again,  low  tenperature  inhibits  the  formation 
of  long  bands. 

8  Aluminium  1 0/o  zinc  alloy  in  the  cold  rolled  condition  shows  a  marked 
similarity  of  behaviour  at  room  and  liquid  nitrogen  tenperature. 

9  There  is  a  marked  similarity  of  behaviour  under  specific  test 
conditions  of  fatigued  and  statically  strained  specimens. 


7, 


Tech,  Note.  Met.  225 


No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


Author 

Read 

Honey combe 

Jillson 

Mott 

Cahn 

Bo aa  and 
Ogilvie 

Hirsch 

Wood 


REFERENCES 

Title  eto. 

E.  Tech,  Note  Met.  211 
Dislocations  in  Crystals  P.76 
R.A.E.  Report  Met  70 

Inhomogeneity  of  deformation  in  metal  single  crystals 
Proc.  Phys.  Soc.  A.  Vol.  53  1950 

Trans.  Amer.  Inst.  Min.  Met  Eng.  1950,  188,  1009 

35th  Guthrie  Lecture.  Proc,  Phys.  Soc.  Vol.  64, 

1 951 .  B 

Slip  and  Polygonization  in  Aluminium. 

J.  Inst,  Metals  May,  1 951  Vol.  79,3 

Acta  Metallurgies  Vol.  2  September,  1954 
Acta  Metallurgies  Vol.  1  1953 

N.P.L.  Symposium  on  Creep  and  Fracture  of  metals  at 
high  temperatures  May,  1954 


Attached:  Drgs,  Mat.  12,420 

Nega.  120.868  -  120.872 
Detachable  Abstract  Cards 


Advance  Distribution: 


PDSR(A) 

DGTD(A) 

D  Mat  HD  (Air)  3 

TPA3/TIB  100 

Mr.  Mason  AD/Mat  ED(M)  3 

WR(D)Met 

Director,  RAE 

DDRAE 

Library 

Head  of  Metallurgy  Dept. 


8, 


1CT  22! 

FIG. 


!»]:*»■*]  “7 


1 


SPECIMEf 

FATIGUE 


ROOM  TEMPERATURF  LIQUID  NITROGEN  TEMPERATURE 


FIG  8  •  13 


TECH  NT 

'"*V  v. V  . 

OOluOu/VU 

% 

.  .  *  .  * 

N.< 

:  •  ■ 

i 


^  -  ’ 


■  '>  - 


L'Yi 


Jv^Bfl.  , 
‘•''■S-'fcj’W'.l 


1  v,'4 


>& 


vt* 

x] 


V- . *  4 ■  > '  ■’ 


VwV.i'-\ 


ROOM  TEM.PFR ATUPE 


liquid  nitrogen  temperature 


DETACHABLE  ABSTRACT  CARDS 


These  abstract  cards  are  Inserted  In  RAE  Reports  and  Technical  Notes  for  the  convenience 
of  Librarians  and  others  who  need  to  maintain  an  Information  Index. 

Detached  cards  are  subject  to  the  same  Security  Reflations  as  the  parent  document,  and  a 
record  of  their  location  should  be  made  on  the  Inside  of  the  back  cover  of  the  parent  document. 


cn  »-  O'* 

H*\  K'N  CD 

in  to 


3 

1 

O 

o 

H 

CO 

UJ 

*-> 

§ 

U 

< 


2 

to 

C 

3 


to  TJ 
c  2 


CQ 

a 


e-  z 

H 


I 

s 

f- 

§l 

SO  ! 


e-  a 


cj 

Tt  u 

O) 

T5  O. 

3  g 

O  P 

2  B 
P  O 

3  2 

O 

O  P 

c  « 
a)  C 
0)  a> 
n  s 

_  to  o 

*-•  n  o 

.C  p. 

to 
o 

O  TJ 


ft  15  £ 

-4!  CO  «0 
tO  Jh 

2  §  S 

,o  S3 

88 

a.  tc 

to 

o 

rH 

to  T5 

§  2 
x> 

a 

rt  3* 

E 

>>  t* 
rH 

2  „ 
3  T3 


E 

CD 

>»  U 

Q. 

G 

to 

CO 

CD 

Z 

H 

P.  V- 

Q.  n-i 

3 

c 

CD 

h 

to 

w 

rJ 

x; 

p 

3 

CD 

y 

5 

<< 

§  •' 
o  •. 

CD 

¥ 

U 

Q 

P 

*10 

3 

Q 

2 

P 

o 

cd 

cd 

A-) 

>  3 

ra  -C 

CD  <D 

c  w 
J«  c 

§  ^ 

1 


aj 

S  E 


—  a  a 


>  3  S 

CD  M  dD 


(1  O  H 

b  3  3 
»  *  3 
3  3  c 

c3  — 

e  d 


e  s 

£5 


10  Q> 

s  s 

p 


5  S 


1 


d 

Z 


Os  T-  q> 

rn  cn  cl 
m  tj*  cd 


m 

SI 


•s 

CD 

3 

& 

P 

rt 

b 

U 

< 


>> 

E 


a 

Rffi  g 


5  2  . 

¥  Q 

to  — « 

t-  H  P 

3  fl  (1 

O  Vi 

r- 

o 

ON  C£ 

k>  m  o 

LPl  T}«  O 

>  8  >3 

Cd  P  X> 

£ 

O 

S 


b 

U 


z 

E3 


5 

n 

n 


& 


x: 

'  t  & 

ft  K  E 

O  ON  o 

(£  r  [n 


W  "O 

e  cd 

CD  £ 
P  -h 

CO  & 
*  2 
n.  v-> 


i 

3 


d  & 

CD 

O  . 

f  a  c 
>  xl  CD 

G)  to  to 
■n  o 

»!£ 

sg“ 

d  o  ^ 

fa  3  3 


1 


&  i 

to  — • 


ST) 

a> 

CD  £ 

P 

& 
>>  e 

H 

as 

rt 


3 

O 

3 


_  & 

2  3 

•G  « 


5 

2  52 


8  5 
S  5 


§* 

U3  § 

£2 

z 

°  H 

co  3 
§£ 
%  § 
£  * 


8  n  • 

—  CD  C 

>  .c:  a> 
^  to  tn 

rH  2 

M  O  3 

ie* 

Ill 

i/i  a  *h 

•*  g  C 


B 

3  S 

CTJ  t-i 
£  T5 

S3 


,3  S 


I 


Cl 

Vh 

>> 


O 

•3 


88 


g  g  & 

£  fe  c 


•»h  O  CD 

s  e  s 


p  •  -e 

*d  ¥ 

1 8  « 

►  0J3  «J 

«  S  e 

w  w 

2  g  g 
S  2  » 

G  C  rt 
2  8  & 
S  A  o 
o 

^  n 

a  § 


dstl 

•>!■•  ■!  !V:!hO'i  (  - ,7 ■ 

|dstl!  P-. •non  Dmm, 


Defense  Technical  Information  Center  (DTIC) 
8725  John  J.  Kingman  Road,  Suit  0944 
Fort  Belvoir,  VA  22060-6218 
U.S.A. 


AD#:  AD092326 

Date  of  Search:  29  May  2008 

Record  Summary:  AVIA  6/20717 

Title:  Effect  Some  Observations  on  the  Deformation  of  Grains  and  Boundaries  in  Pure 
Aluminium  and  Three  Binary  Aluminium  Alloys 

Availability  Open  Document,  Open  Description,  Normal  Closure  before  FOI  Act:  30  years 
Former  reference  (Department)  TECHNICAL  NOTE  MET  221 
Held  by  The  National  Archives,  Kew 


This  document  is  now  available  at  the  National  Archives,  Kew,  Surrey,  United 
Kingdom. 

DTIC  has  checked  the  National  Archives  Catalogue  website 
(http://www.nationalarchives.gov.uk)  and  found  the  document  is  available  and 
releasable  to  the  public. 

Access  to  UK  public  records  is  governed  by  statute,  namely  the  Public 
Records  Act,  1958,  and  the  Public  Records  Act,  1967. 

The  document  has  been  released  under  the  30  year  rule. 

(The  vast  majority  of  records  selected  for  permanent  preservation  are  made 
available  to  the  public  when  they  are  30  years  old.  This  is  commonly  referred 
to  as  the  30  year  rule  and  was  established  by  the  Public  Records  Act  of 
1967). 


This  document  may  be  treated  as  UNLIMITED. 


